Merrillii is an endemic tree species in China, seeds of which are used as a popular snack, possessing beneficial effects on preventing angiosclerosis and coronary heart diseases. In this study, antioxidant activity and chemical constituents of T. grandis cv. Merrillii seed (TGMS) were investigated. The antioxidant activity of different fractions and the ethanol extract was evaluated using 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capacity, hydroxyl radical scavenging activity and lipid peroxidation assays. The oil, CH 2 Cl 2 and n-BuOH fractions, and ethanol extract of TGMS all showed antioxidant activities in these models, especially the DPPH one. By GC-MS analysis, twenty-seven constituents were identified from the oil fraction of TGMS. The total content of phenolic compounds in the CH 2 Cl 2 and n-BuOH fractions and ethanol extract was also determined by the Folin-Ciocalteau method as 17.6, 21.6 and 12.9 μg/mg, respectively. In addition, analysis of the CH 2 Cl 2 fraction yielded four phenolic compounds: 4-hydroxybenzaldehyde, 4-methoxy pyrocatechol, coniferyl aldehyde, 4-hydroxy cinnamaldehyde, and two steroids, β-sitosterol and daucosterol. These results provide scientific support for the empirical use of TGMS as a medicinal food for cardiovascular diseases.
Oxidative stress is involved in the development of human diseases, such as atherosclerosis, cancer and neurodegenerative processes associated with aging [1, 2] . Antioxidants, which can scavenge free radicals and inhibit lipid peroxidation, appear to be very important in the prevention of these diseases. It is well known that dietary antioxidants can provide protection against oxidative attack without undesirable side effects. Extensive research has been carried out in searching for natural antioxidants from food [3, 4] . As an easily accessible source of natural antioxidants, nuts have been extensively studied for their antioxidant activity in the last years [5] [6] [7] [8] [9] . Nuts are rich sources of unsaturated fatty acids, protein, fiber, micronutrients, vitamins, and other constituents [10] , which may have cardio-protective and anticancer effects by a number of different mechanisms. Attempts to characterize their bioactive constituents have recently gained momentum in many pharmaceutical and food processing applications.
Torreya grandis Fort. (Taxaceae) is an endemic tree species in China, growing in Zhejiang and Jiangsu provinces. The seed, Semen Torreyae, is recorded in the China Pharmacopoeia (2005 edition) for the treatment of intestinal helminth, constipation and dyspepsia [11] . The seeds were also found to have antioxidant and acute anti-inflammatory activities [12] . T. grandis cv. Merrillii is a superior cultivar of T. grandis, mainly distributed in Zhuji and Dongyang, Zhejiang Province, China [13] . The seeds (TGMS) are a popular snack in China, possessing beneficial effects on preventing angiosclerosis and coronary heart diseases [14] . However, very little research has been conducted on TGMS.
In order to supply more scientific evidence for the development of TGMS in China in the field of pharmaceutical and functional foods, this study mainly analyzed the chemical composition and total phenolic contents of different fractions of TGMS. The antioxidant activities of the different fractions were also evaluated by three different assays. DPPH is a stable free radical and has been widely used to test the antioxidant activity of various samples. The effect of antioxidants on DPPH radical scavenging is thought to be due to their hydrogendonating ability. Addition of hydrogen removes the odd electron feature which is responsible for radical reactivity. In this study, we investigated a TGMS EtOH extract and its solvent-partition fractions, including seed oil, and CH 2 Cl 2 and n-BuOH fractions, for general antioxidant effects, as indicated by their potential to scavenge stable DPPH radicals. As shown in Figure 1 , the scavenging activity of the extracts on DPPH increased in the order of n-BuOH >CH 2 Cl 2 >EtOH>Seed oil, with IC 50 values of 0.033, 0.116, 0.191, and 2.965 mg/mL, respectively, indicating that the n-BuOH and CH 2 Cl 2 fractions of the EtOH extract have significant free radical scavenging abilities. These values are comparable to that of L-ascorbic acid (IC 50 = 0.0054 mg/mL). Although the DPPH radical scavenging abilities of the EtOH extract and its fractions were significantly less than that of L-ascorbic acid, it was evident that the CH 2 Cl 2 and n-BuOH fractions have hydrogendonating ability and could serve as free radical inhibitors or scavengers.
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Scavenging of hydroxyl radical is an important antioxidant activity because of the very high reactivity of the hydroxyl radical, which enables it to react with a wide range of molecules found in living cells, such as sugars, amino acids, lipids and nucleotides. Although hydroxyl radical formation can occur in several ways, by far the most important mechanism in vivo is the Fenton reaction, where a transition metal is involved as a pro-oxidant in the catalyzed decomposition of superoxide and hydrogen peroxide [15] . With this assay, the IC 50 values of seed oil, CH 2 Cl 2 and n-BuOH fractions, and EtOH extract were 0.117, 0.601, 0.277, 0.364 mg/mL (Figure 2 ), respectively, while the value of L-ascorbic acid was 0.051 mg/mL. Seed oil showed a descending inhibitory activity at 0.5-0.75 mg/mL, which may be a result of the seed oil containing high levels of unsaturated fatty acids and fatty aldehydes, which have the ability to combine with hydroxyl radical competitively to decrease oxidation induced by free radicals.
In biological systems, lipid peroxidation generates a number of degradation products, such as MDA, and is an important cause of cell membrane destruction and cell damage [16] . In the present study, the preventative effect of the seed on the lipid peroxidation was measured in mice liver homogenate ( Figure 3 ). The seed oil, CH 2 Cl 2 and n-BuOH fractions, and ethanol extract all showed inhibitory effects on lipid peroxidation at 0.5 mg/mL, with 20.51 ± 2.81%, 14.64 ± 3.94%, 32.14 ± 1.70% and 30.08 ± 1.91%, respectively. As the positive control, L-ascorbic acid showed 36.56 ± 2.65% inhibitory activity at the same concentration. Research has indicated that free radicals and lipid peroxidation metabolites are the main cause of cardiovascular diseases [17, 18] . Combined with the efficiency of TGMS in the treatment of cardiovascular diseases, the present study suggests that its biological functions are due, at least partially, to its protective effects against oxidation.
GC-MS analysis identified twenty-seven components (Table 1) , the main ones being octacosanal (25.9%), linoleic acid (13.1%), hexacosanal (10.9%), (Z)-14-tricosenyl formate (7.6%), triacontanal (7.5%), β-sitosterol (5.8%) and γ-tocopherol (5.1%).
As a dominant constituent, octacosanal (25.9%) could act as an antioxidant with conversion to octacosanoic acid by oxidation, which can partly explain the good antioxidant activity of TGMS oil.
Epidemiological evidence indicates that the consumption of nuts may exert several cardioprotective effects, which are speculated to arise from their lipid components, which include unsaturated fatty acids and phytosterols [19] . TGMS oil possesses high amounts of linoleic acid (13.1%) and β-sitosterol (5.8%), a phytosterol that may help explain the activities of TGMS on the prevention of atherosclerosis. Vitamin E is a well known antioxidant and widely distributed in common vegetable oils [20] . In comparison with other vegetable oil, TGMS oil has a higher content (6.3%, the sum of α-and γ-tocopherol) of vitamin E, which suggests that TGMS oil could be an interesting source for the production of vegetable oil and be worthy of further exploitation. Furthermore, the presence of squalene (0.17%) also contributes to good antioxidant activity of the oil.
Phenolic compounds in plants are powerful free radical scavengers, which have been attributed to the active hydrogen-donating ability of the hydroxyl substitutions. The CH 2 Cl 2 and n-BuOH fractions, and ethanol extract all exhibited free radical scavenging abilities, indicating the presence of phenolic constituents in TGMS. Total phenolic content of the seed was determined by the Folin-Ciocalteau method and calculated based on pyrocatechol. However, the results showed that the total phenolic contents of the CH 2 Cl 2 fraction (17.6 ± 0.01 μg/mg), n-BuOH fraction (21.6 ± 0.04 μg/mg) and ethanol extract (12.9 ± 0.01 μg/mg) were relatively low. Although it is generally accepted that phenolic compounds behave as antioxidants, antioxidant activity does not always correlate with the presence of large quantities of these phenolic compounds, hence the low content of phenolics in TGMS extract and its solventpartition fractions led us to believe that there are undiscovered active compounds responsible for the observed antioxidant activities.
Detailed analysis of the CH 2 Cl 2 fraction yielded four phenolic compounds, 4-hydroxybenzaldehyde (1), 4-methoxy pyrocatechol (2), coniferyl aldehyde (3) and 4-hydroxy cinnamaldehyde (4), and two steroid compounds, β-sitosterol (5) and daucosterol (6 In conclusion, all results show that TGMS extract and its solvent-partition fractions can be used as a good source of natural antioxidants and as a possible food supplement. Our results also provide support for the use of TGMS as a traditional medicine in China to treat cardiovascular disease. Therefore, it is suggested that a new research project aiming at the identification of the compounds responsible for the in vivo antioxidant activity of TGMS extract and its solvent-partition fractions should be initiated. 
Experimental

Preparation of extract, fractions and isolation of compounds:
The seeds (10 kg) were powdered and extracted with light petroleum (3 × 10 L) at room temperature for 3 × 8 h. The extract was concentrated in vacuo to yield the seed oil fraction (1.8 kg, 18%). The solid residue was refluxed with ethanol for 3 × 2 h. The combined filtrates were concentrated in vacuo to obtain the ethanol extract (40 g, 0.4%), which was partitioned with CH 2 Cl 2 and n-BuOH to yield CH 2 Cl 2 (12 g, 0.12%) and n-BuOH fractions (15 g, 0.15%). The CH 2 Cl 2 fraction was chromatographed on a silica gel column, eluted with a light petroleum-acetone gradient system and monitored by TLC. Fractions with close R f values were combined and rechromatographed on Sephadex LH-20 to obtain compounds 5 (6 mg) and 6 (5 mg). Compounds 1 (3 mg), 2 (2 mg), 3 (3 mg) and 4 (3 mg) were obtained by HPLC purification.
GC/MS:
GC-MS analysis of the seed oil was performed using a Perkin-Elmer (USA) XL GC coupled with a TurboMass MS (EI, 70 eV). The analysis was carried out using a fused-silica capillary column: DB-5 (30 m × 0.25 mm i.d.; film thickness 0.25 μm). The oven temperature was programmed from 70 to 280°C at 10°C/min and held at this temperature for 17 min. Injector and interface temperatures were 280 and 260°C, respectively. The carrier gas was helium at a flow rate of 1 mL/min. A sample of 1.0 μL was injected automatically with a split ratio of 5:1. Components were identified by comparison of their mass spectra with those in the NIST98 and WILEY7.0 GC-MS libraries.
Determination of total phenolic content: Total phenolic content was determined by the FolinCiocalteu method [27] with some modifications. One mL of sample solution was mixed with 1 mL of Folin-Ciocalteu reagent. After 3 min, 3 mL of sodium carbonate (2%) solution was added to the mixture, followed by the addition of 1 mL distilled water. The Hydroxyl radical scavenging activity: Hydroxyl radical scavenging activity was assayed according to the method described by Smirnoff and Cumbes [29] , with some modifications. FeSO 4 solution (0.25 mL; 7.5 mmol/L), salicylic acid solution (9 mmol/L) and the sample solution were mixed to give a total volume of 0.75 mL. Finally, 0.25 mL of 1% H 2 O 2 was added to this reaction mixture and incubated at 37°C for 30 min. The absorbance was measured at 510 nm. The hydroxyl radical scavenging activity was calculated by the following equation:
Scavenging activity (%) = [1-(A 1 -A 2 )/A 0 ] × l00 where A 0 was the absorbance of the control (without sample), A 1 was the absorbance in the presence of sample and A 2 was the absorbance of sample.
Inhibition of lipid peroxidation: Lipid peroxidation was determined by thiobarbituric acid reactive substances (TBARS) [30] . Mice were sacrificed by cervical dislocation, and their liver was removed immediately and washed with cold saline. Then the liver was cut into pieces and homogenized with 10% cold saline. The liver homogenate was incubated with 0.5 mmol/L, each, of FeCl 2 and H 2 O 2 with 0.5 mL of tested samples. After incubation at 37°C for 60 min, the absorbance of MDA was measured at 532 nm, according to the test method provided with the commercial kit. The inhibitory effect was calculated by the following equation:
Inhibition (%) = [(A 0 -A 1 )/A 0 ] × 100 where A 0 was the absorbance of the control (without sample), and A 1 was the absorbance of sample.
Statistical analysis: All measurements were carried out in triplicate and are presented as mean ± SD. All statistical analyses were carried out using SPSS 15.0 for Windows.
